BACKGROUND
About 25 million individuals use 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) inhibitors (statins) worldwide, including about 13 million in the United States. 1 Statins significantly lower cholesterol levels and have been shown to significantly reduce morbidity and mortality associated with heart disease. 2, 3 Generally, statins are well tolerated with few serious side effects. 4 However, adherence can be limited by patients' concern about serious muscle toxicity 5 and by more frequent but less severe side effects of muscle aches, pain, weakness, and cramps. 6 Because statins must be taken long-term and are potentially life-saving, their tolerability and adherence is a major concern. 5 Overall, muscle side effects (including symptoms or creatine kinase elevations or both) are recognized as the most common adverse effect associated with statin use, but their extent is not well-defined. 7 The incidence of myalgia (generally defined as muscle symptoms without significant creatine kinase elevation) approximates 1-5% of statin-users in randomized clinical trials, with rates similar to placebo groups. 8, 9 However, the frequency of muscle complaints reported in usual care settings appears to be higher than in clinical trials with a frequency of 9% to 20% in outpatient settings. [10] [11] [12] Because clinical trials have mainly focused on serious muscle toxicity, with limited data reported on less severe musculoskeletal effects that occur without substantial increases in creatine kinase, we aimed to evaluate the association between musculoskeletal pain and statin use in a nationally representative sample.
METHODS
The National Health and Nutrition Examination Survey (NHANES) is a stratified multistage probability survey of the noninstitutionalized U.S. population administered by the National Center for Health Statistics (NCHS). NHANES includes an in-home interview for demographic and basic health information and a health examination in a mobile examination center. Informed consent was obtained from all participants, and the protocol was approved by the institutional review board of the NCHS. 13 Public use data files were obtained from the NHANES Website (http://www.cdc.gov/nchs/nhanes.htm), and these analyses were approved by the Beth Israel Deaconess Medical Center Committee on Clinical Investigation.
Study Population
This study consisted of 3,580 adults aged ≥40 years participating in survey years 1999-2002, who had both interview and examination data available. Individuals reporting a doctor's diagnosis of arthritis were not included because of the high prevalence of musculoskeletal pain associated with this condition.
Study Variables
Respondents to NHANES were asked, "During the past month have you had a problem with pain that lasted more than 24 hours?" Those who answered "yes" were asked to specify the location of their pain. For this study we assessed pain according to location of pain at 4 different musculoskeletal regions including neck or upper back, upper extremities (shoulder, arm, wrist or hand), lower back, and lower extremities (buttock, leg, or foot). Any musculoskeletal pain was defined as pain in any one of these regions.
To ascertain medication use, survey participants were asked if they had taken a medication in the past month for which they needed a prescription. Those who answered "yes" were asked to show the interviewer their medication containers so that the product's complete name could be obtained. If no container was available (∼10%), the participant was asked the name of the medication.
Age, sex, race/ethnicity, education level, smoking status, physical activity, and health status were obtained by selfreport. Race/ethnicity was classified as non-Hispanic black, non-Hispanic white, Mexican American, and all others. Exercise-related physical activity was based on the last 30 days and was classified as vigorous if participants reported "vigorous activity for at least 10 minutes that caused heavy sweating, or large increases in breathing or heart rate" or moderate if participants reported "moderate activities for at least 10 minutes that caused only light sweating or a slight to moderate increase in breathing or heart rate," or sedentary if neither vigorous nor moderate activity was reported. Alcohol intake was based on current intake over the last year and was categorized as <1 drink per day, 1 to 2 drinks per day, or more than 2 drinks per day. Having a usual place for health care was defined as having at least 1 place to go when sick or in need of advice about health. Coronary heart disease was defined by the respondent's self-report of a doctor's diagnosis of coronary heart disease, angina, or a previous heart attack. Diabetes was defined by self-report of a doctor's diagnosis of diabetes, a measured glucose level of >200 mg/dl, or use of an antidiabetic medication. Cancer was defined by self-report of a doctor's diagnosis, excluding non-melanoma skin cancer. Body mass index was calculated as measured weight in kilograms divided by the square of measured height in meters. The means of 2 blood pressure measurements in the right arm and in each ankle were used to calculate ankle brachial index (ABI) for the right and left sides. We used the lower of the 2 ABI values measured to categorize ABI and defined peripheral artery disease as an ABI ≤.97.
Statistical Methods
We carried out statistical analyses using SAS (version 9.1; SAS Institute, Cary, NC) and SUDAAN (version 9.0; Research Triangle Institute, Research Triangle Park, NC). Prevalence estimates of demographics, health characteristics, statin use, and musculoskeletal pain were weighted to represent the U.S. population, to account for oversampling in specific demographic subgroups, and to account for nonresponses.
We compared the characteristics of participants according to statin use with t tests for continuous measurements, and chi-square tests for categorical variables. We calculated the prevalence of musculoskeletal pain in any region and in the following 4 regions: neck/upper back, upper extremities, lower back, and lower extremities.
We performed multivariable logistic regression to assess the association of statin use with musculoskeletal pain. From an a priori list of potential confounders, we included the following in the final multivariable model: age, sex, race/ethnicity, coronary heart disease, diabetes, cancer, systolic blood pressure, ABI, BMI, total cholesterol (quintiles), smoking (never, past, current), and health status (excellent/very good, good, fair/poor). We included quadratic terms to examine nonlinear effects of continuous variables (age, BMI, and systolic blood pressure). We classified ABI as ≤.90, 91-.99, 1.00-1.29, ≥1.29, and missing and explored whether using different ABI cutoffs to define peripheral artery disease (ABI ≤.97, yes/no) or severe peripheral artery disease (ABI ≤.69, yes/no) altered the results of our final models.
Other factors examined, but not included in our final models because they were not associated with musculoskeletal pain and did not appear to confound the relation of statin use with pain, included educational level, physical activity, alcohol intake, and having a usual place for health care. As a post hoc analysis, we used interaction terms to examine whether the association between statin use and any pain, lower back pain, or lower extremity musculoskeletal pain differed by hypothesized effect modifiers, including age, sex, ABI, BMI, general health status, coronary heart disease status, or alcohol use. Results of multivariable models are presented as odds ratios (OR) with 95% confidence intervals.
RESULTS
Of 3,580 persons aged 40 years and older (representing 74.6 million U.S. individuals) examined, 402 (8.2 million, 11%) had used a statin in the last 30 days. Fifty-one percent of the participants were male, 75% were non-Hispanic white, and 56% had received education beyond a high school diploma. Table 1 shows the prevalence of demographic and health characteristics of the study sample according to statin use. Compared to statin nonusers, statin users were older, more likely to be male, non-Hispanic white, and former smokers, and to report poor/fair health status, coronary heart disease, diabetes, and cancer. Figure 1 shows the estimated prevalence of musculoskeletal pain in different anatomical regions during the last 30 days according to statin use for US adults aged 40 years and older without arthritis. Overall, 22.0% (95% CI, 18.0-26.7%) of those who used a statin reported musculoskeletal pain, compared with 16.7% (95% CI, 15.1-18.4%) of those who did not use a statin. The prevalence of lower extremity pain was particularly high among statin users compared with statin nonusers (10.7%; 95% CI, 7.7-14.7% vs 6.4%; 95% CI, 5.3-7.7%). Table 2 shows the unadjusted and adjusted odds ratios of musculoskeletal pain in different anatomical regions for statin users compared to statin nonusers. When all potential confounders were included simultaneously in a multivariable model, the odds ratio for lower extremity pain was slightly attenuated but remained significant, whereas the odds ratios increased for both lower back pain and any musculoskeletal pain (Table 2) . Age was the most important confounder included as it was associated with statin use and was inversely associated with greater report of pain in any region and of the lower back.
Independent of statin use, a number of factors were found to be associated with pain. The presence of coronary heart disease was also independently associated with lower extremity pain (OR, 2.03; 95% CI, 1.10-3.75, p=.02) but not with musculoskeletal pain in other regions. Self-reported fair/poor health status compared to excellent/very good health was associated with greater likelihood of musculoskeletal pain in any region ( . Neither physical activity nor alcohol intake was associated with musculoskeletal pain in any region on bivariable or multivariable models. Neither BMI nor ABI (nor peripheral artery disease based on an ABI ≤.97 nor severe peripheral artery disease based on an ABI <.69), was associated with musculoskeletal pain in multivariable models.
No statistically significant interactions were observed for any, lower back, or lower extremity musculoskeletal pain when we included interaction terms for statin use by age, ABI, BMI, general health status, or alcohol intake. However, the association of statin use with greater reports of lower extremity pain tended to be stronger among those with coronary heart disease (OR, 4.59; 95% CI, 1.22-17.26) compared to those without coronary heart disease (OR, 1.04; 95% CI 0.58-1.86; p value interaction=0.06) and among females (OR, 2.06; 95% CI, 1.07-3.97) compared to males (OR, 1.12; 95% CI, 0.64-1.96; p value interaction=0.06). 
Comment
This study is the first to our knowledge to examine musculoskeletal pain and statin use in a nationally representative U.S. sample. In this study, statin use was associated with significantly increased odds of musculoskeletal pain. Compared with adults who did not use statins, those who used statins had 50% greater odds of having any musculoskeletal pain, and 50-60% greater odds of musculoskeletal pain in the lower back and lower extremities.
It is important to note the prevalence of pain was high among both statin users and nonusers. Therefore, pain occurring during statin use may be unrelated to statin use and suggests that another trial of statin use may be appropriate in patients with musculoskeletal pain who require statins and do not have contraindications to their continued use (e.g., substantially elevated muscle enzymes).
The results of this study suggest that the burden of musculoskeletal pain that is associated with statin use may be substantial. Using the NHANES-supplied sample weights, we estimate that 8.2 million individuals ≥ 40 years of age use statins in the United States. Of these, 22% (representing 1.8 million people) report musculoskeletal pain in at least 1 anatomical region and 11% (representing 0.9 million people) report lower extremity pain in the last month. Based on the observed differences in the prevalence of pain according to statin use (22% among statin users compared to 16.7% among non-statin users), we estimate that nearly 25% of cases of musculoskeletal pain at any region among statin users (corresponding to 450,000 individuals) appear to be associated with statin use. Likewise, we estimate that statins could account for approximately 45% of cases of lower extremity pain among statin users.
Our finding of a significant association between musculoskeletal pain and statin use are compatible with prior observational [10] [11] [12] 14 and post-marketing surveillance studies of statins, but conflict with randomized clinical trials of statin therapy that show no significant association of statins with myalgia. 14 These differences may be caused by characteristics of participants involved in clinical trials, who may differ from patients using statins in the general population. With a lower prevalence of musculoskeletal pain in this group, clinical trials may have had limited power to detect differences of this magnitude. In addition, randomized clinical trials have varied greatly in reporting data on muscle symptoms, and differences in the prevalence of pain may be related to the more comprehensive assessment used in NHANES. Although symptomatic muscle effects associated to statin use range from nonspecific muscle aches without elevated serum creatine kinase concentration to severe myositis, most trials have reported few details about muscle symptoms that occur without substantial increases in levels of creatine kinase. In some trials, only myalgia that resulted in withdrawal from the study or myalgia thought to be attributed to the intervention (criteria not defined) have been reported. [15] [16] [17] [18] Finally, studies based on study designs that included active treatment phases before randomization 19, 20 necessarily underestimate the incidence of myalgia, given that individuals who demonstrate intolerance during active prerandomization phases are actively excluded. The mechanism of statin-associated muscle effects remains unknown. Common hypotheses for the cause of muscle symptoms involves a deficiency of 1 of the many synthetic products of the HMG-CoA reductase pathway, including impaired cholesterol synthesis leading to abnormal cell membrane stability; impaired ubiquinone (coenzyme Q 10 or CoQ 10 ) synthesis, leading to decreased mitochondrial enzyme activity; or prenylated protein synthesis abnormalities causing altered intracellular messaging. 21, 22 Preliminary studies have suggested that some patients who demonstrate muscle symptoms with statins may have underlying genetic or metabolic muscle abnormalities, which predispose them to statin intolerance. 23, 24 However, additional research is needed to clarify these possible links. Several limitations should be considered when interpreting these results. First, because this is a cross-sectional analysis, it is not possible to determine the causal nature or direction of the association between musculoskeletal pain and statin use. Second, comorbidity was based on self-report of a doctor's diagnosis, and thus may be subject to misclassification bias. Also, self-reported exercise activity was coarsely defined, and therefore, the lack of association between greater exercise activity and musculoskeletal pain should be interpreted with caution, given such associations have been noted in prior observational studies. 25 In addition, the fact that an association between pain (particularly lower extremity pain) and peripheral artery disease was not observed suggests that episodic pain, such as exertional musculoskeletal pain, was not captured in this study. Third, the timeframe of the musculoskeletal pain and statin use referred only to the month before the interview. Thus, we did not know the duration of statin use or whether nonusers had recently discontinued a statin. Furthermore, we did not have sufficient numbers of statin users to assess outcomes by statin type, and also lacking dose information, we could not examine possible associations with higher statin dose, which has been shown to be a factor in statin muscle-related side effects. 6 In the future, additional information on medication history, including dose, which could be easily obtained from prescription bottles, as well as frequency and length of use and prior discontinuance would be valuable data to collect. In this study, we did not have information on creatine kinase levels, so we were unable to examine the relation between muscle symptoms and creatine kinase. Such data as well as longitudinal follow-up will be useful in clarifying musculoskeletal adverse effects of statins. Fourth, exclusion of participants with arthritis, while necessary for internal validity, limits the generalizability of this study. Finally, NHANES does not include institutionalized persons, whose poorer health and comorbidity may render them more susceptible to adverse effects of medications.
Our post hoc analysis revealed probable interactions between statin use and coronary heart disease and sex in the odds of reporting pain, suggesting that pain associated with statin use may be more common among women and those with coronary heart disease. However, because these analyses were based on a relatively small number of participants and involved several tests of possible modifiers, the results should be interpreted with caution.
Recent recommendations made by an expert panel called for more careful monitoring of minor statin-related muscle problems, even when they occur in the absence of creatine kinase elevations. 6 Our study suggests the risk of musculoskeletal pain with statin use may be substantially greater than previously reported and statins may be responsible for nearly a quarter of the musculoskeletal pain experienced by individuals who use them. It remains crucial to investigate side effects of statins in a broad population of patients, including those who have greater comorbidity, and include an adequate number of women.
CONCLUSION
Musculoskeletal pain is common among persons without arthritis. Statin use is significantly associated with greater prevalence of musculoskeletal pain overall, lower extremity pain, and lower back pain.
